Abstract Up until today extreme rainfall properties are frequently applied in sewer design guidelines. Uncertainty in the estimation of such properties will hence directly influence the dimensions of sewers, structures and pumps. In this paper the issue of potential trend and noise in the estimation is investigated for 6 rain series ranging from 19 to 55 years in duration. Different to recent research that predicts aclimate induced -increase in heavy precipitation no clear indication for such trend was found in the investigated historical rain series. Another important aspect is the length of the rain series that is required for the estimation of extreme rainfall properties and the associated uncertainty. The analysis indicates that at least a period of 10 years should be used for the estimation. But even so the possible deviation expressed in terms of the 90 percentile is in the order of 5 to 10% of the 'true value', defined as the value derived when the whole given series is used for the estimation.
Introduction
Applying extreme point rainfall properties in the design of sewer systems is a standard practice in the field. Even if modern computer systems allow simulating system performance based on historical rain data over long periods, the possibility to derive design storms with a certain occurrence frequency is still an important tool in up-to-date sewer design guidelines. Thus the issue of uncertainty in the estimation of such properties is a relevant one, as the uncertainty will have a direct effect on the magnitude of the required measures (e.g. sewer dimensions). Moreover, it can be reasonably assumed that uncertainties identified for extreme point rainfall properties will be of equal magnitude also when using historical rain data in the design process instead of the statistical rain properties. Precipitation varies across a wide range of space -time scales. On the issue of spatial resolutions and its relevance for urban hydrology reflected, among others (Schilling, 1991; Berne et al., 2004; Mikkelsen et al., 2005; De Toffol et al., 2006) . In the following we focus on the temporal variations and its implications to urban drainage design.
Climatic changes and random variations can cause significant temporal variations in the precipitation. Climate models predict, under greenhouse conditions, increases in both heavy rainfall frequency and intensity in the high latitudes of the Northern Hemisphere. These projections are consistent with recent measurements of heavy precipitation increase in different region of the world (Brunetti et al., 2000; Haylock and Nicholls, 2000; Frei and Schär, 2001; New et al., 2001; Mosmann et al., 2004; Fowler et al., 2005) . Thus also the estimated extreme rainfall properties may vary significantly, depending on which period has been used for the statistical analysis. The effects due to non-stationarity of the rain can be neglected when long samples of observations are available. But non-stationarity can lead to imprecise estimation of the rainfall properties when dealing with small samples from the past. De Michele et al. (1998) notes that stationarity may not be a reasonable assumption when dealing with meteoclimatic variables.
Has it been standard practice up to now to use the longest possible period for the estimation of the extreme rainfall properties, the question now arises which period to use in the process, or more precisely: 'how many years do we have to use for analysis', and 'what is the inherent uncertainty'?
Only recently high-resolution historical rain data has become available with durations sufficiently long to analyse these issues. In this paper we will investigate the effects of trend and noise in the historical rainfall for one specific example of extreme rainfall property, i.e. the maximum precipitation intensity over a period of 15 min with a return period of one year. The analysis will be performed on a variation of rain series from Austria (2), France (1), Denmark (1) and Switzerland (2) ranging from 19 to 55 years in duration.
Methods
The analysis is based on one specific property of extreme rainfall that is the maximum rain intensity over 15 min duration with a return period of one year, commonly denoted as r 15,1 . The choice of this parameter is only due to the familiarity with its use in guidelines of Germany, Switzerland and Austria. The parameter must be seen as only an example of an extreme rainfall property, while the same consideration could be based also on other properties. Exact guidelines on how to derive r 15,1 from the data set is specified in ATV A121 (2001) . An important aspect in the derivation of r 15,1 is the length of the data set which is available for the statistical analysis. This interval is denoted in the following as estimation interval and the length is expressed in n number of years.
As high-resolution long-term rain series the following data sets were available: The series Kufstein2 is the same as Kufstein but without the first 13 years. Reasoning for that is an obvious step change in the series -with details given later. The series Odense2 is the same as the consecutive series from 1952 to 1979, but additionally 6 years of rain measurement (1936 to 1941) have been added, disregarding the temporal gap of 10 years in the series.
Results and discussion

Trend or noise?
An important aspect is the identification of the characteristics of the temporal distribution of the rain rates in each series, which can be either a trend or noise. As recent research on global change does not suggest a reversible influence (Fowler et al., 2005) , such trend is to be considered in the design of urban drainage structures. For identification of a trend in the rain series a number of sophisticated procedures have been published recently e.g. (Champely and Doledec, 1997; Frei and Schär, 2001; Xu et al., 2003) . Here we used a high-pass filter method instead, where for a succession of estimation intervals, with an interval length of 10 years each, the corresponding property r 15,1 is plotted. These data points are further analysed by means of a simple linear regression, see Figure 1 . The values on the x-axis each represent the last year of the considered series.
The Kufstein series showed a significant step change, but once the first 13 years in the series have been eliminated (series Kufstein 2) no monotonic trend could be analysed further. This is in accordance with finding on Japanese annual maximum daily precipitation (Xu et al., 2003) . A reason for the step change in the Kufstein series could not be identified.
According to this procedure no clear monotonic trend in the parameter r 15,1 was identified. While in some series a slight positive trend was visible (e.g. Wels series), in others (e.g. series Zürich) the parameter value decreased over time (inclination varying from þ10 to 215%). Although research based on climate model predictions suggest differently at least from the available and historical data such findings are not repeated. Here it is only possible to affirm that a variation could be present. In the choice of the rain series to be used for the modelling this fact should be taken into consideration.
Necessary length of estimation interval and connected uncertainty
Two of the key questions in the estimation of rainfall properties are the required length of the estimation interval and the uncertainty connected with this choice, respectively. It should be clear that the uncertainty in the estimate declines the longer the period used for analysis. But in the light of limited data availability a functional relation between the duration of the estimation interval and the connected uncertainty would be valuable information.
In this paper a subdivision of the rain data in years is used. If N represents the number of years of the whole period analysed, n the number of years constituting the estimation interval and p the number of estimation intervals in the N years, a relation is given as such:
For each n, p samples of rain with a period of n years are taken and their 90% confidence intervals are plotted in Figure 2 . E.g. for the analysis of the uncertainty in the Kufstein series 55 years of rain are analysed. For n ¼ 1 the number of values considered was 49 (90% of 55 according to the formula presented before) and less the longer the period n for estimation. The central line represents the 'true value', which is the value derived when the whole series is used in the estimation, i.e. n ¼ N. The calculation of r 15,1 for an estimation interval of one year does not make much sense but it helps for the understanding of the uncertainty in the estimation. Table 1 suggest that at least 10 years of data should be used for the estimation of extreme rainfall properties, but even though the connected uncertainty can be still significant. If an estimation period of 10 years is randomly chosen from the total series, the 90 percentile of the potential deviation from the 'true value' varies in the Table 1 applies) . Interestingly enough, the uncertainty declines very gradually with increasing length of the estimation interval. For n equals 20 years the uncertainty is still in the order of 2 to 5%.
It is an inherent feature of the applied procedure that the uncertainty (expressed here as Deviation in % -see Table 1 ) declines the nearer the estimation period gets to the length of the total series or in other words the closer n/N is to 1. Figure 3 outlines the relationship based on the Data of Table 1 . An obvious conclusion of Figure 3 seems to be that the longest possible series should be used for the estimation of the extreme rainfall properties. On the other hand, the increased deviation with the decreasing relation n/ N could also be interpreted as -given a certain estimation interval -the deviation from the true value increases with the length of the total series. One reason could be that with an increasing length of a series an increasing amount of trends and errors are included in the data. Another reason would be if the series contains significant non-stationarity, which would equally lead to strong variations for n _ N. Either way even if this relationship cannot be stringently quantified the opinion to use the longer possible series for the estimation of extreme rainfall properties should at least be further investigated if not doubted. Note, that here we consider an even distribution of the value around the true value. The potential bias (as discussed below) increases this uncertainty further.
Bias between the true value and the mean value
The probability density function of all possible estimates of r 15,1 for a given estimation period of 10 years reveals a significant bias for some of the series (Figure 4 ). As this Table 1 Results of the analysis: N is the series length in years, n the length of the estimation interval, the parameter Deviation specifies the ratio between the width of the 90% confidence interval and the 'true value' and DTM is the relative difference between the "true value" and the mean value of the considered parameter. Kufstein is no longer considered because of the step change could lead to a considerable further increase in the uncertainty (as not being captured in the parameter Deviation (as specified above) an analysis of the reasoning is required. The rain series of Lyon will be further analysed to understand the cause and the dimension of the bias. For that purpose it is necessary to investigate the individual rain events of the series. The procedure to compute r 15,1 selects from the set of all intensities over a period of 15 min the value with a frequency of 1. 'true value' which would be derived when using the whole data series for the derivation of r 15,1 . Figure 5 (bottom) indicates the effect on the estimates r 15,1 of the Lyon series.
Conclusions
Up until today sewer design guidelines are frequently based on extreme rainfall properties. The uncertainty in the estimation of such properties is relevant as it will have a direct effect on the magnitude of the required measures -most importantly the dimension of the sewers. In this paper we investigated the amount and the characteristics of the uncertainties for one example of such property that is the maximum intensity over a period of 15 minutes and a return period of one year. It can be reasonably assumed that the conclusions derived hold equally for other properties and even when using historical series in the design process.
The high pass analysis of 6 high-resolution rain series with durations between 19 and 55 years gives no clear indication of a trend in this extreme rainfall property. This is not in accordance with recent estimates on the increase of heavy precipitation based on climate model predictions. However, it must be clear that here historical data is investigated instead of predictions into the future.
Further analysis indicates a significant uncertainty in the estimation of the property which is based on noise in the series. An important issue in this respect is the length of the estimation interval adequate for computing the extreme rainfall property and the associated uncertainty. The analysis indicates that at least a period of 10 years should be used for the estimation. But even so the error -expressed in terms of the 90 percentile of the possible deviation -is in the order of 5% to 10% of the 'true value', defined as the value derived when the whole given series is used for the estimation. An increase in the duration of the estimation interval to 20 years indicates a reduction of this uncertainty to 2% to 5%. However, the longer the estimation interval the more possible trends, effects of non-stationarity, step changes and blunt errors will be included in the data. Therefore it cannot be stringently concluded that the longest possible data series should be used for the estimation of extreme rainfall properties. To derive an adequate relationship on this issue further research is necessary.
